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(57)Abstract: 

PURPOSE: To effectively reduce torque ripples, produced in an 
induction motor to be controlled, due to the offset of a current 
detecting means. 

CONSTITUTION: An average speed calculator 11 averages signals 
representing the angular velocity cor of an induction motor 1, and 
thereby calculates in sequence the average values coav of speed with 
the equivalent of speed ripples subtracted. A peak value detector 12 
detects in sequence the peak values oopk of speed ripples at the 
angular velocity cor. A current offset calculator 13 calculates the 
difference between the speed ripple peak value oopk and the average 
speed value coav as the amplitude of speed ripples. Further, the 
current offset calculator 13 calculates a phase U offset correction 
command value luoff and a phase W offset correction command value 
Iwoff through arithmetic operation based on the amplitude. These 
values are fed to computing units 14a, 14b, and the offset of three-phase current converter 9, a current 
detecting means, is thereby corrected. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the speed regulating device of the AC 
motor which was made to carry out feedback control of the rate of an AC motor based on 
the detection output of a speed detection means and a current detection means. 
[0002] 

[Description of the Prior Art] In drawing 5 which shows the example of a configuration 
of this kind of speed regulating device, the induction motor 1 which is an AC motor of a 
controlled system is driven at variable speed with the PWM inverter 2 of a current control 
form. That to which the rate detector 3 which is the speed detection means established so 
that the rotational speed of an induction motor 1 might be detected outputs Z phase pulse 
PZ as an object for machine location detection while the rotary encoder of an incremental 
form generally outputs the A phase pulse PA and the B phase pulse PB as a rate and an 
object for location detection in this case by being used is chosen. The A phase pulse PA 
and the B phase pulse PB from the rate detector 3 are angle-of-rotation thetar by the 
impulse counter 4. It is changed into the shown signal, a differential circuit 5 is led 
further, and it is angular-velocity omega r. It is changed into the shown signal. 
[0003] The rate PI control section 6 is changed into the signal which shows torque 
criteria by carrying out PI (proportional integral) operation of the differential signal of the 
rate reference value and angular- velocity omegar which are given through computing- 
element 6a, The pole multiplier 7 is angle-of-rotation thetar, in order to acquire the 
current phase criteria which were in agreement with the magnetic pole location of an 
induction motor 1. The pole of an induction motor 1 is multiplied. The sinusoidal 
reference current generator 8 generates the signal which shows a sinusoidal reference 
value based on the torque criteria from the rate PI control section 6, and the current phase 
criteria from the pole muhiplier 7. 

[0004] The three phase current repeater 9 as a current detection means is the thing of a 
configuration of having had the current transformers 9a and 9b which detect each input 
current (output current of an inverter 2) of U phase of an induction motor 1 and W phase, 
and generates the signal which shows the load currents FIU, FIV, and FIW of U, V, and 
W each phase based on those detection currents. The current PI control section 10 The 
sinusoidal reference value and each phase load current FIU from the sinusoidal reference 
current generator 8, By receiving a differential signal with FIVFIW through a computing 
element (sign 10a being attached and only the computing element for U phases being 
shown), and carrying out PI operation of the differential signal The output current 
command value for each phases over an inverter 2 (in drawing 5 , only the output current 
command value Vu for U phase is illustrated) is generated, and, thereby, the closed loop 
control of an induction motor 1 is performed. 

[0005] Although an example of the relation between the rotator angle of rotation theta of 
the induction motor 1 in the above configurations, the output current (input current of an 
induction motor 1) of an inverter 2, generating torque, and rotational speed is shown in 



drawing 4 , in order to attain facilitation of explanation, the condition of an induction 
motor 1 not receiving disturbance and rotating with constant speed under the situation of 
a fixed load is assumed here. The generating torque (a part for a plane 1) when passing 
the sine wave-like output current (the wave of the output current la for a plane 1 being 
shown in drawing 4 (b)) which suited that magnetic pole location to the induction motor 
1 in this condition will be in the condition which shows in drawing 4 (c), when it is a sine 
wave as the torque constant KT (a part for a plane 1) corresponding to magnetic-flux 
distribution of the rotator of an induction motor 1 shows to drawing 4 (a). And the sum 
total generating torque for a three phase circuit turns into fixed torque, as a continuous 
line shows to drawing 4 (d). However, minding in this drawing 4 is the point that it is a 
result when assuming the condition that the sinusoidal current of the amplitude identitas 
from which only 120 degrees only of phase contrast differed at a time is outputted from 
an inverter 2, and generating magnetic-flux distribution of a rotator 1 also serves as 
sinusoidal magnetic flux of the amplitude identitas fi'om which only phase contrast 
differed similarly. 
[0006] 

[Problem(s) to be Solved by the Invention] There is a trouble which is described below in 
the equipment of a configuration conventionally [ above-mentioned ]. Since offset and 
adjustment dispersion surely exist, actual current and a detection current stop 1st that is, 
being in agreement with the output current control section, especially current detection 
means (three phase current repeater 9) of an inverter 2 in many cases. However, since it 
considers that a detection current is actual current and control which was mentioned 
above is performing it, when actually driving an induction motor 1, it has a possibility of 
generating a torque ripple. Moreover, it is premised [ 2nd ] on magnetic-flux distribution 
of a rotator being a sine wave-like, and since neither the cogging torque in an induction 
motor 1 nor property dispersion generated on manufacture of an induction motor 1 is 
taken into consideration, there is a possibility of this becoming a cause and generating a 
torque ripple. 

[0007] Incidentally, in drawing 4 , the broken line shows the example of a wave when 
offset exists in the three phase current repeater 9 which is a current detection means. That 
is, the broken line in this drawing (b) shows the actual current wave for a plane 1 at the 
time of being superimposed on an offset part (an in one direction flowed part), a negative 
torque component as shown in this drawing (c) with a broken line comes to be contained 
in the generating torque of this phase, and the sum total generating torque for a three 
phase circuit turns into pulsating torque as shown in this drawing (d) with a broken line. 
[0008] This invention was made in view of the above-mentioned situation, and the 
purpose is in offering the speed regulating device of the AC motor which can reduce now 
effectively the torque ripple which originates in offset of a current detection means and is 
generated in the AC motor of a controlled system using a rate feedback control system. 
[0009] 

[Means for Solving the Problem] In order that this invention may attain the above- 
mentioned purpose, it has the speed detection means and the current detection means of 
detecting the rate and input current of an AC motor, respectively. In the speed regulating 
device of the AC motor which was made to control the speed by controlling the current 
given to an AC motor based on the output current command value created based on those 
detection outputs The averaging means which carries out sequential calculation of the 



rate average in predetermined unit time amount based on the speed detection value by 
said speed detection means, The peak value detection means which carries out sequential 
detection of the rate ripple peak value in the predetermined unit time amount of the speed 
detection value by said speed detection means, While calculating the difference of the 
rate average computed by said averaging means, and the rate ripple peak value detected 
by said peak value detection means as a signal which shows the amplitude of the rate 
ripple of said AC motor It considers as the configuration equipped with an offset 
amendment means to amend offset of the current detection means concerned, by 
subtracting the result of an operation from the detection current by said current detection 
means (claim 1). 

[0010] Moreover, it has the speed detection means and the current detection means of 
detecting the rate and input current of an AC motor, respectively. In the speed regulating 
device of the AC motor which was made to control the speed by controlling the current 
given to an AC motor based on the output current command value created based on those 
detection outputs While computing the period of the input current of said AC motor, and 
the torque ripple estimate of this periodic component by differentiating the speed 
detection value by said speed detection means It can also consider as the configuration 
which establishes a current command value amendment means to add the opposite phase 
component of the estimate to said output current command value (claim 2). 
[001 1] Furthermore, it has the speed detection means and the current detection means of 
detecting the rate and input current of an AC motor, respectively. In the speed regulating 
device of the AC motor which was made to control the speed by controlling the current 
given to an AC motor based on the output current command value created based on those 
detection outputs The storage section which carries out the sequential storage of the 
speed detection value by said speed detection means in the above period as a rate ripple 
detection value by one rotation of said motor. An opposite phase torque ripple calculation 
means to compute opposite phase torque ripple estimate by reversing the phase of the 
torque ripple component obtained by differentiating the storage value by this storage 
section, It can also consider as the configuration which establishes a current command 
value amendment means to add the opposite phase torque ripple current value computed 
based on the opposite phase torque ripple estimate computed by this torque ripple 
calculation means to said output current command value (claim 3). 
. [0012] 

[Function] The torque ripple resulting from offset of the current detection means 
established in order to detect the input current of an AC motor has the phenomenon of 
appearing as a rate ripple of the AC motor. So, with the equipment of claim 1, with the 
averaging means, while carrying out sequential calculation of the rate average in 
predetermined unit time amount based on the speed detection value by the speed 
detection means, sequential detection of the rate ripple peak value in the predetermined 
unit time amount of the above-mentioned speed detection value was carried out with the 
peak value detection means, and rate ripple detection of an AC motor is presented with 
these outputs. That is, the offset amendment means is calculating the difference of the 
rate average and rate ripple peak value which were computed as mentioned above as a 
signal which shows the amplitude of the rate ripple of said AC motor. And an offset 
amendment means comes to amend offset of the current detection means concerned by 
subtracting the above-mentioned resuh of an operation from the detection current by the 



current detection means, and the torque ripple of an AC motor is reduced by such offset 
automatic amendment. 

[0013] With the equipment of claim 2, the torque ripple of an AC motor is reduced using 
the property that a torque ripple is proportional to the differential value of the rate ripple 
of an AC motor. That is, a current command value amendment means reduces a torque 
ripple by differentiating the speed detection value by the speed detection means by 
computing the period of the input current of an AC motor, and the torque ripple estimate 
of this periodic component, and adding the opposite phase component of the estimate to 
the output current command value of the AC motor concerned. 
[0014] Also in the equipment of claim 3, the torque ripple of an AC motor is reduced 
using the property that a torque ripple is proportional to the differential value of the rate 
ripple of an AC motor. The sequential storage of the speed detection value by said speed 
detection means in the above period is carried out as a rate ripple detection value by one 
rotation of a motor at the storage section. That is, an opposite phase torque ripple 
calculation means Opposite phase torque ripple estimate is computed by reversing the 
phase of the torque ripple component obtained by differentiating the storage value by this 
storage section. A current command value amendment means The opposite phase torque 
ripple current value computed based on the opposite phase torque ripple estimate 
computed by this torque ripple calculation means is added to said output current 
command value. Thereby, a torque ripple component unrelated to the torque fluctuation 
resulting from load torque fluctuation can be reduced like offset of a current detection 
means, and the cogging torque of an AC motor. 
[0015] 

[Example] Hereafter, it explains, referring to said drawing 4 in the drawing 1 list about 
the 1 st example of this invention. However, in this example, since the same component as 
a configuration shown in drawing 5 exists conventionally, about those components, 
detailed explanation is omitted by attaching the same sign. 

[0016] When the torque ripple resulting from offset of a current detection means (three 
phase current repeater 9) as shown in drawing 4 (d) with a broken line occurs in an 
induction motor 1, this example uses the phenomenon of appearing as a rate ripple as the 
torque ripple shows in this drawing (e) with a broken line, and has the description at the 
point which was made to amend a part for the above-mentioned offset with the speed 
detection value of an induction motor 1 automatically. 

[0017] That is, when offset exists in a current detection means, it is angular- velocity [ of 
an induction motor 1 ] omega r. Since it becomes a wave containing a rate ripple at a dc 
component at drawing 4 (e) as a broken line shows, this rate ripple value is detected as a 
feedback signal for amendment for said offset. 

[0018] Specifically, the mean velocity calculation machine 11 as an averaging means is 
angular-velocity omega r outputted [ in / on drawing 1 and / predetermined unit time 
amount (it is time amount considerable the bottom to one period of the output current) ] 
from a differential circuit 5. By averaging the shown signal simply, sequential calculation 
of the rate average omegaav (equivalent to the dc component in drawing 4 (e)) which 
removed a part for a rate ripple is carried out. The peak value detector 12 as a peak value 
detection means is angular-velocity omega r in the above-mentioned unit time amount. 
Sequential detection of the rate ripple peak value omegapk (refer to drawing 4 (e)) is 
carried out. 



[0019] Therefore, the amplitude of said rate ripple is detectable by subtracting rate 
average omegaav from the above-mentioned rate ripple peak value omegapk. While the 
current offset calculation machine 13 is equivalent to the offset amendment means as 
used in the field of invention of claim 1, performs the above subtraction and detects the 
amplitude of a rate ripple, offset amendment of a current detection means carries out 
automatically using the signal which shows the amplitude, and it explains the automatic 
offset amendment procedure in the current offset calculation machine 13 to the ^ 
configuration for it, and a list below. 

[0020] That is, it is placed between each ** of the outgoing end of current transformers 
9a and 9b and the three phase current repeater 9 which were prepared in order to detect U 
phase current and W phase current of an induction motor 1 by the computing elements 
14a and 14b for subtracting the command value fi"om the current offset calculation 
machine 13 fi'om the detection current value of the current transformers 9a and 9b 
concerned. And the current offset calculation machine 13 carries out sequential execution 
of control like (1) - (6) below. 

[0021] (1) U phase offset amendment command value luoff And W phase offset 
amendment command value Iwoff It sets to "0" which is initial value. 

(2) Input rate average omegaav and rate ripple peak value omegapk fi-om the mean 
velocity calculation machine 1 1 and a peak detector 12. 

[0022] 

(3) luoff =Iuoff-i-Ki - (omega pk-omega av) 

****** is performed. However, Ki It is an offset correction factor (any value), and ** — 
U phase offset amendment command value luoff acquired by the operation [ like ] It 
outputs to computing-element 14a. 

[0023] (4) rate average omegaav and rate ripple peak value omegapk ~ reinputting 
(omega pk-omega av) ~ calculate, and when the result of an operation is smaller than the 
operation value of the last (omega pk-omega av), reperform again from the operation and 
command value output control of the above (3). Moreover, the above-mentioned resuh of 
an operation is equal to the operation value of the last (omega pk-omega av), or it is U 
phase offset amendment command value luoff of last time when large. An output halt is 
carried out and it shifts to the next control. 
[0024] 

(5) Iwoff =Iwoff+Ki - (omega pk-omega av) 

****** — carrying out — ** — W phase offset amendment command value Iwoff 
acquired by the operation [ like ] It outputs to computing-element 14b. 
[0025] (6) rate average omegaav from the mean velocity calculation machine 1 1 and a 
peak detector 12, and rate ripple peak value omegapk - reinputting (omega pk-omega av) 
~ calculate, and when the result of an operation is smaller than the operation value of the 
last (omega pk-omega av), reperform again from the operation and command value 
output control of the above (5). Moreover, the above-mentioned result of an operation is 
equal to the operation value of the last (omega pk-omega av), or it is W phase offset 
amendment command value Iwoff of last time when large. An output halt is carried out 
and automatic offset amendment of one batch is ended. 

[0026] Even when offset exists in a current detection means by performing the above 
automatic offset amendments, a part for the offset is amended automatically and, thereby, 
can reduce the torque ripple of an induction motor 1 . 



[0027] Next, it explains, referring to said drawing 4 in the drawing 2 list about the 2nd 
example of this invention. However, in this example, since the same component as the 1st 
example shown in a configuration and drawing 1 conventionally shown in drawing 5 
exists, about those components, detailed explanation is omitted by attaching the same 

sign. 

[0028] That is, the period of the torque ripple resulting from offset of a current detection 
means has the property which becomes the period and this period of the output current of 
an inverter 2, as a broken line shows to drawing 4 (d). Moreover, when the inertia J of an 
induction motor 1 is set constant, as shown in degree type **, the generating torque T of 
an induction motor 1 has a property proportional to the rotator acceleration which is the 
differential value of angular velocity omega, 

T=J-d omega/dt [0029] A torque ripple is a thing with the property of being 
proportional to the differential value of the rate ripple of an induction motor 1. That is, 
this example By using such a property, approximating a rate ripple in the output current 
of an inverter 2, and the sine wave of this period, and adding directly the opposite phase 
component of the torque ripple presumed with the differential value of the approximate 
value to an output current command value It has the description at the point which was 
made to amend the torque ripple resulting from a part for the above-mentioned offset 
automatically. 

[0030] Specifically, it is angular- velocity omega r to which peak value and the peak value 
phase detector 15 are outputted from a differential circuit 5 in drawing 2 . While 
detecting rate ripple peak value omegapk, it is angle-of-rotation thetar from Z phase pulse 
PZ and the impulse counter 4 from the rate detector 3. The shown signal is incorporated, 
the angle of rotation of rate ripple peak value omegapk is searched for, and the phase of a 
rate ripple is determined based on this. However, the above-mentioned rate ripple is 
premised on that the component resulting from offset of a current detection means 
occupies the most, and resembling the list with the output current of an inverter 2, and the 
sine wave of this period here. 

[0031] The torque ripple calculation machine 16 (equivalent to the current command 
value amendment means as used in the field of invention of claim 2) While asking for a 
torque ripple phase by advancing 90 degrees of phases of the rate ripple determined by 
peak value and the peak value phase detector 1 5 The torque ripple estimate which 
synchronized with U phase or W phase output current phase based on the current phase 
criteria from the pole multiplier 7 is computed, it has the composition of asking for the 
opposite phase component, and sequential execution of control like (1) - (4) is carried out 
below. 

[0032] (1) U phase current ripple correction value lurip And W phase current ripple 
correction value Iwrip is set to "0" which is initial value. 

(2) while inputting rate average omegaav from the mean velocity calculation machine 1 1 
" rate ripple peak value omegapk from peak value and the peak value phase detector 15, 
and phase contrast psirip of a rate ripple and U phase current It inputs. 
[0033] (3) Calculate lurip =Iurip-Kt -(omega pk-omega av) -SIN(theta+psi rip) Iwrip 
=Iwrip-Kt -(omega pk-omega av) -SIN (theta+pi / 3+psirip), however it is Kt. It is (any 
value) in a current ripple correction factor, and ** - U phase current ripple correction 
value lurip acquired by the operation [ like ] And W phase current ripple correction value 
Iwrip It adds to the output current command value of U phase and W phase, respectively. 



in addition — drawing 2 ~ U phase current ripple correction value lurip only 
the component added through computing-element 10a is illustrated. 
[0034] (4) rate average omegaav, rate ripple peak value omegapk, and phase contrast 
psirip of a rate ripple and U phase current reinputting (omega pk-omega av) ~ it 
calculates, and when the result of an operation is smaller than the operation value of the 
last (omega pk-omega av), it reperforms again from the operation and correction value 
output control of the above (3). moreover — or the above-mentioned result of an 
operation is equal to the operation value of the last (omega pk-omega av) — or U phase 
current ripple correction value lurip of last time when large and W phase current ripple 
correction value Iwrip It considers as the current ripple amendment command of U phase 
and W phase as it is. 

[0035] While computing the period of U phase or W phase output current phase, and the 
torque ripple estimate of this periodic component as mentioned above By performing 
current ripple amendment of adding the opposite phase component to an output current 
command value Even when offset exists in a current detection means, the torque ripple 
resuhing from a part for the offset is amended automatically, and, thereby, can reduce the 
torque ripple of an induction motor 1 . 

[0036] Next, it explains, referring to said drawing 4 in the drawing 3 list about the 3rd 
example of this invention. However, also in this example, since the same component as 
the 1st example shown in a configuration and drawing 1 conventionally shown in 
drawing 5 exists, about those components, detailed explanation is omitted by attaching 
the same sign. 

[0037] Also in this example, the property of previous statement that the torque ripple of 
an induction motor 1 is proportional to the differential value of a rate ripple is used. 
Namely, like offset of a current detection means, or the cogging torque of an induction 
motor 1 If a torque ripple component unrelated to the torque fluctuation resulting from 
load torque fluctuation is put in another way, it has the description at the point which 
amended the torque ripple component which unrelated always appears in fixed magnitude 
in the output current and the frequency of an inverter 2. 

[0038] Specifically, it is angular- velocity [ from the differential circuit 5 whose storage 
section 17 is the speed detection value of an induction motor 1 in drawing 3 ] omega r. It 
is prepared in order to memorize as a rate ripple detection value. For example, it is 
angular- velocity [ for one rotation of an induction motor 1 ] omega r at least, using as a 
trigger signal Z phase pulse PZ outputted from the rate detector 3, whenever an induction 
motor 1 rotates one time. The renewal storage of sequential is carried out with a rate 
ripple detection value. Here, the purpose which made Z phase pulse PZ the trigger signal 
is for clarifying phase relation between the output current and a rate ripple, for example, 
in replacing with an induction motor 1 and using a permanent magnet synchronous 
motor, it becomes a prerequisite that Z phase pulse, a predetermined magnetic pole, and 
physical relationship are clear. 

[0039] The opposite phase torque ripple criteria creation machine 18 as an opposite phase 
torque ripple calculation means While changing into the signal which shows a torque 
ripple component by differentiating the rate ripple detection value (the above rate ripple 
being shown by at least 1 rotation of an induction motor 1) memorized by the storage 
section 17 By reversing the phase of the signal and multiplying by the constant Ka of 
arbitration, opposite phase torque ripple estimate is computed and the calculation result is 



given to the opposite phase torque ripple command generator 19. 
[0040] This opposite phase torque ripple command generator 19 calculates the opposite 
phase torque ripple current value which is equivalent to the current command value 
amendment means as used in the field of invention of claim 3, and made Z phase pulse 
PZ the synchronizing signal from said opposite phase torque ripple estimate, and agreed 
in the current phase based on the current phase criteria from the pole multiplier 7, and 
adds it to the output current command value of U phase and W phase by making that 
current value into current ripple correction value. In addition, rate ripple peak value 
omegapk fi-om rate average omegaav and the peak value detector 12 from the mean 
velocity calculation machine 1 1 is inputted into this opposite phase torque ripple 
command generator 19 for evaluation of the above-mentioned amendment output. 
[0041] Hereafter, a series of fimctions by the above-mentioned storage section 17, the 
opposite phase torque ripple creation machine 18, and the opposite phase torque ripple 
command generator 19 are shown in (1) - (5). 
(1) Multiplier Ka It sets to "0" which is initial value. 

[0042] (2) while detecting angular-velocity omega r, rate average omegaav, and rate 
ripple peak value omegapk — the amplitude of a rate ripple — being shown (omega av- 
omega av) - calculate. 

(3) Calculate Ka =Ka+Ko. However, KO It can be set as any value with a current ripple 
correction factor. 

[0043] 

(4) lurip =-Ka and domegar /dt(= 0) Iwrip =-Ka and domegar the operation of /dt (= 120) 
— carrying out — ** — U phase current ripple correction value lurip acquired by the 
operation [ like ] And W phase current ripple correction value Iwrip It adds to the output 
current command value of U phase and W phase, respectively, in addition — drawing 3 — 
U phase current ripple correction value lurip ********— only the component added 
through computing-element 10a is illustrated. 

[0044] (5) angular-velocity omega r, rate average omegaav, and rate ripple peak value 
omegapk — re — detecting (omega pk-omega av) — calculate, and when the result of an 
operation is smaller than the operation value of the last (omega pk-omega av), reperform 
again from operation control of the above (3). Moreover, the above-mentioned result of 
an operation is equal to the operation value of the last (omega pk-omega av), or it is U 
phase current ripple correction value lurip of last time when large. And W phase current 
ripple correction value Iwrip It considers as the current ripple amendment command of U 
phase and W phase as it is. 

[0045] By performing the above control, a torque ripple component unrelated to the 
torque fluctuation resulting from load torque fluctuation like offset of a current detection 
means and the cogging torque of an induction motor 1 can be reduced now. 
[0046] In addition, in each above-mentioned example, although each input current of U 
phase of an induction motor 1 and W phase was detected, a current detection phase can 
be set as arbitration. Moreover, the circuitry element for feedback control can also be 
obtained by the program of a microcomputer. 
[0047] 

[Effect of the Invention] By the above explanation, since offset of a current detection 
means was considered as the configuration which carries out automatic amendment using 
the rate ripple of the AC motor for speed control according to invention of claim l,so that 



clearly, the torque ripple which originates in the offset and is generated can be effectively 
reduced using a rate feedback control system. Moreover, according to invention of claim 

2, since the output current command value over an AC motor was directly amended using 
the property that a torque ripple is proportional to the differential value of the rate ripple 
of an AC motor, the torque ripple which originates in offset of a current detection means 
and is generated can be reduced effectively. Furthermore, according to invention of claim 

3, since the opposite phase torque ripple current value computed using the above- 
mentioned property was added to the output current command value over an AC motor, 
the whole torque ripple component unrelated to the torque fluctuation resulting from load 
torque fluctuation like offset of a current detection means and the cogging torque of an 
AC motor can be reduced. 



CLAIMS 



[Claim(s)] 

[Claim 1] The speed regulating device of the AC motor which was made to control the 
speed by controlling the current given to an AC motor based on the output current 
command value which has the speed detection means and the current detection means of 
detecting the rate and input current of an AC motor which are characterized by providing 
the following, respectively, and was created based on those detection outputs The 
averaging means which carries out sequential calculation of the rate average in 
predetermined unit time amount based on the speed detection value by said speed 
detection means The peak value detection means which carries out sequential detection of 
the rate ripple peak value in the predetermined unit time amount of the speed detection 
value by said speed detection means An offset amendment means to amend offset of the 
current detection means concerned by subtracting the result of an operation from the 
detection current by said current detection means while calculating the difference of the 
rate average computed by said averaging means, and the rate ripple peak value detected 
by said peak value detection means as a signal which shows the amplitude of the rate 
ripple of said AC motor 

[Claim 2] The speed regulating device of an AC motor characterized by providing or 
including the following The speed detection means and the current detection means of 
detecting the rate and input current of an AC motor, respectively A current command 
value amendment means add the opposite phase component of the estimate to said output 
current command value while computing the period of the input current of said AC 
motor, and the torque ripple estimate of this periodic component by differentiating the 
speed-detection value by said speed detection means in the speed regulating device of the 
AC motor which was made to control the speed by controlling the current given to an AC 
motor based on the output current command value created based on those detection 
outputs 

[Claim 3] The speed regulating device of the AC motor which was made to control the 
speed by controlling the current given to an AC motor based on the output current 
command value which has the speed detection means and the current detection means of 
detecting the rate and input current of an AC motor which are characterized by providing 



the following, respectively, and was created based on those detection outputs The storage 
section which carries out the sequential storage of the speed detection value by said speed 
detection means in the above period as a rate ripple detection value by one rotation of 
said motor An opposite phase torque ripple calculation means to compute opposite phase 
torque ripple estimate by reversing the phase of the torque ripple component obtained by 
differentiating the storage value by this storage section A current command value 
amendment means to add the opposite phase torque ripple current value computed based 
on the opposite phase torque ripple estimate computed by this torque ripple calculation 
means to said output current command value 



[Translation done.] 
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iamizxmtii^A^t^mm'tz t izx *)^mn^ 

^mtiitii:hizM'^\^xm L;taj*S8K&^fc:»-:f 
X. 

a. 

lif««3l ^aE®l!)a<Da[S&r/A:ft«8S«-'en-P 

tittaj-fSjM^aj^aat^^aftai^Ri&WL. -en 

®i»i&it3 J: p fc: \.tt-^mmm:^wmm}izii\^ 

X. 

(C J: ^SL^mffi^iiLgU -y r/l^^ttiiffik LTIiij^li 40 
9 U »/ 7";kjR4><oflfliSrRe$^l. ^ k t: J: Oaifflffl b 

:l<^\-)V9 u •yr;pfi[ai#atJ: o^ajsn/cB^iafflh 

U -y r;l^«Sffltc«-:fv %T»aj L^^tra^iaffl V)V9 U 
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[00011 

ism^mmwmm%<nm>%))\:m^\^xv ^ 

WlzS^h, 
[00021 

5t*jv>-c. siupitiR<^3!c8s®aa-ci)5Si#miMai 
aiHasns. is^«iMaicoi5i!isars^«mj-rsj:d 

■rAffl>'-?;i^;^PA. BfflM/i^j^PB^aj^-rat^^fc. 
asRsns. a[g^ffi»3*»i?,<oAffiy'c;i.xpARr/B 

[0 00 3] a[JgPISrj»a56«, iil»S6a$-afC 

mim^iM. wsm/sk\<n&&. 

[00041 SSKJiai^gii: L-C<0Hffl«SSa«i^g9 

14. s^«iW)ii<ouffiat/fwffl<o*A^j«es (>f y-'N* 
:t«jft<?)t<D-e. -en/a^^jasmestcs-cJv^Tu. v, 

W#ffl<Oft?5fl|85FIU. FIV, FIWi&^ji#*fl4-r 
%^P \Wm\ 0(4. iE^»^t^S?S^»8«> 
^>cOiE^^ffli:#fflmigf«gEFIU. FIV. FlWfciO 
H^Mi^i&ii^ ( UfflfflWSI^^^^??^ 1 0 a ^ 
fttr*^) *atT5»t&J:dfc:^roT*J0. -e<Oll 
^^^^PiSiSc-rSiktioT, ^y/N'-^'2fc:St 

■th^im<n)i!,-hwsL^^m. (B5-c'J4ufflt^4oai*B 
J: '>)W^m/sk 1 offl4/-7Wiiip*«if *>ns . 

[ 0 0 0 5 1 H4 \z\t. ±IB<0J: 3^«jS{cfc»tl.S^ 

siwai<oiiite?iHiic«s^i:. >f>A-^'2<oai:>jm 

i^}L<m^ffy-mfiTi^%ixx\^hif. zzxxmwf^ 
m.^mhf:}h\iz. wimm\ifm.i^y!hzh-» 

*S^Lrv^S. c:<04)^-c. ^#®Wllt:itL. -e 

«aEffifi[St^ofciE!KS[«aj:*jma[ 04 ( b > 1 1 
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m(oiii:fi^i aitm&i^) i^itik^com. 

\zn%\,1i.Y)V^'m,YJ\ ( \Wt) imA (a) JC* 
•rJ:d:3rjB£«[T*>o:t%^fc:. 04 ( c ) 

(d) fciagT^.kdH-SWl'^fc^rS. fit, i 

«Da4tfcv^Tesrsit{i. ■<>->'N'-^' 2 

i&6«aj:>j3ti. lilted l^Mat«5)-^|it,ig«fcfi[fflll 
[00061 

It. >'A'-^' 2<7)a5:»j«s[»)iipa5. #ic«mie«?aj 
[00071 H^fc. 04 *fc:tt. «aDi*ai¥a'cft 5 

S:B!t«t^LTV^S. "? . |3|0 ( b ) +<^)«»{i. 

|n|0 ( c ) J=«SS-C^J: p^ft 

i^t^roT. 3»»o^fg4WP^'{i. H0(d) 

[00081 *ll!H»iJ:a»ffit=ffi;^^T^r$nyt: t, 

2>&. 40 
[00091 

X. mBjsmmmmizxhism.tiimizM'^^^xwm 
mt.mmstisitiimtzxhmmiimm!ns^i}L 50 
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1) . 

[ 0 0 1 0 1 ifc. t^n^ms0msmx:f)^^:^ 
itl(i><mtiitii:f]^zM^\>^x^^&Ltllii:f]m^s^^^z 

2) . 

[ 0 0 1 1 1 2 /i>t:. 3c5£ra»a^)a[S&tXA:>j«8S(& 
U ^tli^<Dmiii\iiJjtzm^\'^Xf^^Ltitii:fjW^Si^ 

gfciiv^-c , BsamirtiKo 1 luiKi^ijUKojfflia-ccoiinE 
mmi^suzi&m&^\iimt:m.*j -ym^m^mt 
Lxmmm-m^^b. :i<7)m^izi&mmm^ 

■rsa^fiffl h/i^^ u -y r;i^aj#at . c:<o u -y 

i^ltSlfiJSt-rSClfcfcT^S (11^3) . 
[00121 

*i:tf^SE«iama<?5:t7-fe-y HtSeHUfchA'^' U <yT 

*i&3SJ8Si!ia<Oj«Ky«yr;l^ttajfc:«tTV^5. oil 
S. LT. :t7-b-y hWE^SJi. iSSISISS^m 

m!ti^sttzx&mi^^sipt>m.thzb tzi 
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[0013] m^2crmmTii. V)Vif y •yr)Vtl^ 
[0 014]if3cJi3<^«ISfc:t5V^T«>, Wl'^U<y7- 

oaafflHW:?y •y7-7PJtstt^»aiL, ^ss&^ffi«i 

jE^SJi. C:ob;P^'y «yr;P»a5¥afcJ;'3SajS<i 

ffi h/i'^' y -vrtv^mkm^^i^i^^iizimt 

h . ^mzX *) . «SS«ltiI*gOJf7-b >y hat^css 
[00 1 51 

[Slit0«jmT. *l£BB0^1IIJSWfc:ov^Taiifel^ 30 

fc:i«fi!a4i&#i(L%«{^ii#r^. 

[ooi6i*iiism. ii^ffiiMaitc. 04 (d) 

<ojr7-b»y htieHL;t h/i^^' y •yr;k*<i6^Ly:;j^ 
fcii, -foh/w^ y «yr/i/*«HH ( e ) tzmtc^i: 

[ 0 0 1 7 ] 0 . «^«!aj#g(cjr7-t y 

( e ) tai^-c^-rj: 3 tttsafi^j-taiKy -yr/w^^ 

■fe y hih0ffiE<0fc4r>O7 ^ -hV\*«y ^'ji#fc LTttHl 

[00181 :a*«fc:i4« m 1 fciisv^T . ¥%^a}¥ 
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•rsittio. atsy>y7-;i^^i^Uv:aLS¥%« 
®av (04 ( e ) 'pmnsmizm) ^WiJdjaj-r 

s. t-^'ffl«iai^gfcLT<^t-^'ffl«iaj3§i2(4. 

ewpk (04 ( e ) #83) 

[0019] m.->x. Jjeasy «yr;i'tr-^'fi6)pic*» 

r;K^«i^«iaj-e# h %><nxhh. ssw-7-fe >y h» 
ajsi 311. ffl*JiioiaBr»-^^;r7-fe-y MiiE#a 

t:ffl3-r*t,<7)-c, ±E<Oj:d^:S^$-ff->TjSey'y 

fflLT«8Sttaj*a<03r7-b>y bttiE*aaw(=fT3 
o-cfco, jaT-eo^:i6<^fliifi. Mt^t«S[3r7-fe-yh 
»a5isi 3-c<7)gi)3r7-fey ha]E#ia(cov^-ciiw 

[ 0 0 2 0 1 jQ^. mmmiv wmssss.mm. 

S[5:eitBt-Sfc»fc:glt^>it:t^S[S§9 a . 9 b <m\ 
Sgi:HfflmSSaiiS9 fcO^tHl. SS^SESg9a. 
9 h<nm!>WSLmi>hmS^y^ -y Mrajtl 1 3*»/5>(^ 
J&^$-«»i-Syt*(^SI»3Sl4a, 14b*J^?5ES 
ilS. -eLT, S5S:t7-b yh»tlJffil3J4. 

( 1 ) ~ ( 6 ) «0 J: o ^r©lfflS:m<mT-rS . 
[0021] (1) Uffljr^-feyMliBg^fflluoff 

atA^ffl^ 7-b >y hffijEjg^ I woff ^wm^hh 
0!;e.fcr roj fc-fe-zb-ri,, 

( 2 ) ¥%a[S»aiS 1 1 ai^e-^'«iais 1 2*»<?>a 

g^^wav&t^affiy •yT'/I^t-^itwpkSrAA-r 

s. 

[0022] 

(3) luoff =Iuoff +KI • (<»pk-«i>av) 

<m%^^o, fflL. Ki Miiv^vvmsm. (tt« 

■fe <y mjE*&^ I u off 1 4 a'^aJ:>Ji-& . 

[0023] ( 4 ) afS¥%tta)avat^3»S y -y T-^Hf 
-^'<l&)pk5-||A^jLT (opk-wav) J^SIffL. -e<^ 
SI^3S«*«iflil<7) (6)pk-a)av) <0S[^fiJ: O^h^^^ 

^fcii. ma ( 3 ) <nm.mf^^m^iMm>t>^m. 

HffLK-f. ±ESl»«S**fiinH|tfO (a>pk-«a 
OU1B3i-7-fe-yhliliEt&^ luoff Srai:>3l?±L. 
[0024] 

(5) Iwoff =Iwoff +Ki • (<k)pk-<aav) 

jEjg^e I woff 1 4 b ^K^-yrth . 
[002 51 (6)¥%afjg»ajsi iai^t-7«iai 

SI ^iS^hmSFf-^a^^^mPm.') •yr;^e-:7ffl^J 
pk^BA^LT (fflpk-wav) ^gi»L, -fcOS^^S* 
36»mia<0 (wpk-<aav) e>S[^fiJ: OW^Si^^^ttt. 
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BUS ( 5 ) mnmn^mtammij^msmfim 

■b y h«ijEJ&^ I wofiF *aj*<?±L. 1 Ulih^iill 
[00261 Ja±iD J: 5 ^:ai63j-7-b ^ Hj|]E3&«fT4>n 

•C#4J:3t:=3rS. 10 

10 0 2 7] ijcfc, :^m(om2mmtz^\^xm2^ 

[ 0 0 2 81 wt,. ^smm^yfy-t y htCjBHU 
fz V)v^ y -y-DvomiM. H4 ( d ) fcisas-c^-ti 

tt****. tit. mimmK^^i—i^^j^-^h 20 

T=J-da)/dt ® 

[ 0 0 2 9 ] 0 . f;!'^' U -/TMi. , 

[0 0 3 01 :a*Mfc:J4« 02fc:tiV^T, t-^fi&tf 
t-^'«fiffl«jaj«l 5tt. «4H5|»5A»A>aj^|SitS 

[00311 'J «yr;Pg[ajlSl 6 (iW?«2<0|| 

s-^st^tt. saa»3iS7A>/i»(^ms[fi9as^it=s 
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«fc ^r-?T*> 0 , OT ( 1 ) - ( 4 ) <0 J; p ^rSOfflS-Ja 
[00321 ( 1 ) Uffi«aU -yryHIiEfll urip a 

trnfflmau >y7-;w«jEfi i wripi&*fflMrc*>60!i 

roj t-byb-rs. 

sfcftt. e-^'<itatfif-^'fififfl«!ai«§i 5*»<i>a 

[00331 (3) I urip = I urip -Kt • (©pk 

-<»av) • SIN(<9 + 0rip) 

I wrip = I wrip - Kt • (copk-wav) •SIN(5 + 
jr/3 + ?>rip) 

<nm%^m. fit. Kt •yT;wttEmr (ff 
s<7)fi) -Qiih. ^Lx. mm^j:m.izx^%tz\}im. 

I wrip 'eix-mufflatmffl<oaj:^jmase^tc 

Jl^-rs. i^i, H2T«. Uffl«lS[y >yr;l/ffiiEfflIu 

rip fcov^TiSi^i oaS:afcai«-r&fliisa5^<^ 

1 0 0 3 4 1 ( 4 ) aSTJ^ftJav, 3[)g U y r/l-tf- 
^'ficopkat^aS'J -yT/l-fc UfflaSi:<7)firffi||0rip 
JSA*t-C (a)pk-coav) iMUU ^(7)m^m 

■m<r> (<apk-a)av) <^»ej: O'hsv^is^fcii. m 

-r. ife. ±ssM'smmmn<r) (6)pk-6)av) 

•J -yr^HfjEtt I uripatAyffiflgSU n^TyHflEtt I 

wrip sr-toiiuffiatmfttoma'jyT/niiEjg^ 

[00351 JJUkOJ: dfcLT, Uffl^L<{4Wfflajii 
LlDK^Skt-^d^U -yryPMiEifi^ffijfvSCiktcJ: 

0. ssre!aj^afc^7-fe-yb*<s=trs«^Tt.. -e- 

<0;t7-b y V^fcgBLJt U >y7";k)!><ai!jWK» 

[00361 *lfeB8(Oll3|ltfe«?!lfcolr'>T03M 
W::la£04^#flgL^:)!p'^)i«BH-r5. (It. Z<rmi&. 
Mfcifcv^Tt,. asfc^L^Sa^^ijS&l^ltc^Lit 

miii*feMkH-<^jiga54h&«»aprs*»*., -e*i.^o 
mm^^z-o\.yc\m-^^wtz t tzx -^xma^j: 

[ 0 0 3 7 1 EPt*. *mmizi5\,^xi>. mrnmnRi 
<n V)V9 u -y TMfim. u -y rjvm/jtmz^mfh t 
\>^^mff)imi:mmLx. mg£ejai^s«o;r7-b-yh 

^?^^Si)ai<oa=5fy^^h;k^^ri:<^J:3fc. MMh 
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[0 0 381 03t:tJ\r^T. a^l7 

afjs«jaj3i3 A»f>ai:^$*i-s 7.w^)vx p z 5r h u 
^fc LT, 'y*j:< t i>m^m 1 <o 1 m^^<r>nmm 

mt&fsmimstiz^'yx\>^tzbmi^fit¥t^ 

[0039] iSfiffl b;!^^' U -y-DVn^^WLt LX^M 

< fc t> 1 mst&jL(msL'} •yry^s:*-r ) sra^i-rs 

[0040] zcomms V)v^ i; >y r^n&^ii^s 1 9 
is*fl3<o»Ba-ev^p«a8&^«*ijE#gtffla-r 

j«9f¥%fifi>avaiXe-^«tta}S8l 2*»^><^»j[eU -y 

[00411iaT. (1)~(5) ttt. ±£IE«aJl 
7 . SEiiHB h/W^' y >y r;H^j«{S 1 sata^iaffl Y)V9 
y -y r;M&^l6^« 1 9 tcJ: S-^W)«I8*^. 
( 1 ) fi^Ka *K«Mrr*SMilf r 0 J (c-fey h-t 

40 

[0042] ( 2 ) «aSa)r . aS^i^aav. jSS 

ffm^^m (<i)av-a)av) ^S|»i-S. 

(3) Ka =Ka +Ko 

<nm.^^^. ilL. KO tt«aU yr^HiiE^Tff 
[00431 

(4) 1 urip =— Ka • dwr /dt( =o ) 
Iwrip =— Ka • dwr /dtt =120 ) 
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IfEM I u rip atfWfflmSSU -/ 7";^MiEfi I wrip 
S. PSS. as-Cli. UffimSSy-yryHtiEttl urip t: 

[0 0441 ( 5 ) ftjaswr , as^^fifflav, sag 

y «yr;Pt:-^'fift)pkJrBejaLT (ft)pk-&)av) 5rS5 
^L. -ftoSfW^aAimlHlfT) («pk-6)av) <0Si»fiJ: 

Littt, ifc. msiimissimmfn (^Pk-wav) o 
mssy ■yr;HiiiEfii urip atnvfflmcs'j •yr;k«uE 

it I wrip Sr-toi t Ufflatmffl<0«iS'J -yr/HiCE 
[ 0 0 4 5 ] JjUi<7) i 3 5:«i)ffll*»'tf C: fc (let 0 . 
h;W^*fc*<0J:dfc:. tSh/l/:?3a!rtaeHL>tWP^' 

[00461 J:£L^=g^0rC». WS^ISk\ 

7-0^^5 At J: O^S i k fe nrSg-C*S. 
[00471 

mjxmmzmkti%hi.o\iz.ts:h, tti, mcm2 
vr/um^izimti fc 3 tx^m. 

4 h/l'^' 'J -y T;l^5:S!)a«Kfi«T^ Sid t^rS . $ 
<^J:3fc:. m<th;l^:?^fciBEgLfch;l/^'3aHifc»8 
n>y^@ 

[021 *iiBHoii2^ms^taifflS0 
[031 *i6Ba<Dig3iiife^s:^-fai3iaa0 
[04 1 1 ■^'m3mikmifK:.mimm 
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